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Aim: Exercise training is a well recognized strategy to improve vascular endo-
thelial function by increasing nitric oxide (NO) signalling pathway. However, in
hypertensive subjects, previous studies reported that high intensity aerobic exer-
cise (HT) may no longer improve endothelial function. Consequently, the aim of
this work was to investigate, in spontaneously hypertensive rats (SHR), the impact
of HT exercise on vascular function and especially on NO pathway.
Method: Rats were divided in 3 groups: WKY, sedentary SHR and SHR-
Ex, exercised on a treadmill, 1 hour at 85% of their maximal aerobic velocity,
5 days a week for 6 weeks. Arterial function was evaluated on isolated aortic
rings in response to ACh or SNP in presence or not of indomethacin, TRAM
34 and Apamin to avoid the contribution of EDHF and cyclooxygenase on
endothelium-dependent vasorelaxation. ENOS expression and activation state
(phosphorylation at ser1177) were evaluated by western blot. Total Aortic and
eNOS-dependent ROS production were assessed using Electron paramagnetic
resonance in presence or not of NAC or tetrahydrobiopterin (BH4).
Results: Although eNOS level and phosphorylation were higher in aorta of
SHR exercised rats, no beneficial effects of HT were reported on endothelium
and eNOS-dependent vasorelaxation. This result was explained by increased
eNOS uncoupling in aorta of SHR-Ex rats. Indeed, HT in SHR rats resulted
in increased eNOS-dependent ROS production, which was blunted by the use
of the recoupling agent BH4 or by the thiol reducing agent (NAC).
Conclusion: The lack of positive effect of HT on endothelial function in
SHR rats was the consequence of altered redox state which contribute to
uncouple eNOS, switching it from NO to O2.- generation.
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Introduction: The gain of peak VO2 after exercise training has prognostic
value in CHF patients. The predictive factors influencing this response remain
debated. As oxygen pulse is correlated with the stroke volume, it could reflect
cardiac adaptation during exercise. The aim of this study is to evaluate the car-
diac participation in benefits of exercise training (ET).
Methods: We included prospectively 53 CHF patients (mean age: 57±
12 years, LVEF 29 ± 6 %) who underwent two cardiopulmonary exercises (CPX):
before and after 20 endurance exercise training sessions. We analysed for the two
CPX heart rate, workload, VO2, oxygen pulse and calculated stroke volume and
cardiac output at rest, anaerobic threshold (AT) and peak exercise. We measured
BNP levels before and after the exercise training program. Patients were consid-
ered as responders if the gain of peak VO2 was >10%. 
Results: Mean change in peak VO2 after exercise training is 17 % for
global population, 36 % for responders (n=27) and – 4 % for non responders
(n=26). At baseline, responder patients have a lower worload at AT and at
peak exercise (52.6 ± 19 vs 62.2 ± 17 watts p: 0.035 and 68.9 ± 28 vs 86.6 ±
27 watts p:0.035); a lower oxygen uptake (14.8 ± 4.8 vs 17.5 ± 4,6ml/kg/min
p: 0.04), a chronotropic incompetence (max heart rate 99.8 ± 19.8 vs 116 ± 25
b/min p:0.01), a lower maximal cardiac output (6.6 ± 2.5 vs 8.0 ± 2,3l/min
p:0.019) and a higher BNP serum level (median 506 vs 279 pg/l p:0.019).
However oxygen pulse trends or left ventricular function do not influence
changes in peak VO2 at any time and regardless of the training type (contin-
uous vs interval training).
Conclusion: Cardiac adaptations in CHF patients do not seem to play
major role in the response to exercise. Benefits of exercise training on exercise
tolerance in CHF patients are mainly due to peripheral improvements.
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Background: Chronic intermittent hypoxia (IH) is described as the major
detrimental factor leading to cardiovascular morbi-mortality in obstructive sleep
apnea (OSA) patients. Previous animal studies demonstrated that IH increases
myocardial susceptibility to ischemia-reperfusion (IR). Among mechanisms
involved in the pathophysiology of IR, modulation of endoplasmic reticulum (ER)
stress seems to play a major role. Exercise is known to exert beneficial effects on
the cardiovascular system and a growing body of evidence demonstrates a parti-
cular efficiency of high-intensity interval training (HIT). The aim of the present
study was 1) to evaluate the effects of HIT on IH-induced increased susceptibility
to IR; 2) to determine whether ER stress was involved.
Methods: Wistar male rats were exposed to 21 days of IH (21-5% FiO2,
60s cycle, 8h/day) or normoxia (N). After one week of IH alone, rats were
daily submitted to both IH and HIT (2*24min, 15 to 30m/min). Rat hearts
were either submitted to an IR protocol ex-vivo (30min-global ischemia fol-
lowed by 120 min-reperfusion, Langendorff technic) or rapidly frozen to eva-
luate ER stress by Western Blot.
Results: IH induced a significant increase in infarct size (35.4±3.2% vs
22.7±1.7% of ventricles, in IH and N respectively, p<0.05) that was corrected
by HIT (28.8±3.9 vs 21.0±5.1% of ventricles, in IH and N respectively). This
was accompanied by a myocardial ER stress IH-dependent, characterized by
the increased expression of the ER stress sensor (i.e. GRP78) and the activa-
tion of the proapoptotic ER stress pathway (i.e. pPERK, ATF4 and CHOP).
HIT conditioning prevented this IH-induced proapoptotic ER stress.
Conclusion: These findings show that HIT prevented the IH-dependent
increased in myocardial susceptibility to IR, probably through a down-regulation
of proapoptotic ER stress pathway. HIT could represent a good preventive strategy
to limit myocardial ischemia reperfusion-related damages in OSA patients.
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Type 2 diabetes (DT2) is a major risk factor of atherosclerosis. As Hyperten-
sion or dyslipidemia, DT2 can occur in patients with metabolic syndrome and may
result in endothelial dysfunction. Physical activity is a part of the preventive treat-
ment of endothelial dysfunction. The aims of this study were to develop a new
animal model of induced DT2 and to investigate the impact of exercise on the
DT2 development. Male Wistar rats were supplemented with a fructose enriched
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drink (20% w/v) for 12 weeks. Randomly selected rats were either trained on a
treadmill at moderate intensity (60-70% maximal aerobic speed) for 6 weeks (0°
incline, 1h/day, 5 days/week) or kept sedentary. Rats were weighed and their drink
and food consumption were measured weekly. Fasting glycaemia and systolic
pressure were monitored. Glucose tolerance was evaluated using an oral glucose
tolerance test; insulinemia was measured concomitantly. Endothelial function was
studied on isolated aorta rings. After only 6 weeks of fructose supplementation rats
had a higher energy intake (p<0.001) but were not overweight. These rats also pre-
sented an elevated glycaemia (+14.3%, p<0.001) and a reduced glucose tolerance
(p<0.01). Systolic blood pressure (+23.4%, p<0.001) and heart volume (p<0.05)
were increased. After 12 weeks of fructose supplementation, sedentary rats were
overweighed and presented an insulin resistance. In fructose supplemented rats,
exercise helped to reduce overweight, fasting glycaemia (p<0.01), heart
volume (–13.1%, p<0.01) and insulin resistance (p<0.001). Surprisingly, exercise
enhanced endothelial dysfunction in both diabetic and control rats (p<0.01) but no
effect of the fructose supplementation was observed. Thus, indicating that exercise
reduced only age related endothelial dysfunction. In this new model of Wistar rats
with induced DT2, moderate exercise improved some DT2 markers like fasting
glycaemia and insulin resistance.
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To date, it is clearly accepted that the activation of endothelial isoform of NOS
(eNOS) by exercise training constitutes a key trigger of exercise-induced cardio-
protection against ischemia-reperfusion (IR). However, this enzyme is expressed
both in coronary endothelial cells and cardiomyocytes, but the contribution of the
one or the other one to such cardioprotection has never been challenged. The aim
of this study was then to investigate the role of cardiomyocytes vs. endothelial
eNOS in exercise cardioprotection. To this, rats were assigned to sedentary (Sed)
or chronic aerobic exercised (Ex) group. Effects of exercise on vulnerability to IR
or anoxia-reoxygenation (AR) were respectively evaluated at whole heart or car-
diomyocytes and coronary artery levels. On a first set of rats, isolated cardiomyo-
cytes were submitted to AR in presence or not of L-NAME, an eNOS inhibitor.
Exercise reduced cells death and improved cells contractility after AR, but no
effect of L-NAME was observed. Interestingly, exercise had no effect neither on
eNOS phosphorylation on its activation site (Ser1177) nor on S-nitrosylation at
cardiomyocytes level, whereas at whole heart level exercise increased both of
them, suggesting that exercise impacted endothelial cells rather than cardiomyo-
cytes. Then, to evaluate the contribution of endothelial cells on exercise-induced
cardioprotection, on a Langendorff apparatus we treated hearts with Triton X-100
before IR to abolish coronary endothelial cells activity. Inactivation of endothelial
cells totally suppressed cardioprotective effects of exercise. Finally, coronary
arteries were isolated from hearts submitted to IR and endothelial function was
assessed on a wire-myograph. We observed that alteration of endothelium-depen-
dent coronary relaxation induced by IR was reduced in Ex group. In conclusion,
these results show that coronary endothelial cells rather than cardiomyocytes play
a key role in eNOS-dependent cardioprotection in Ex rat hearts.
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Aim: Transient Receptor Potential (TRP) channels, in particular the TRPC
subclass, have been shown as pathological cardiac hypertrophy (CH) regula-
tors probably via the Cn-NFAT pathway activation. By contrast, the physio-
logical CH depends on the IGF-1-PI3K-Akt pathway activation. The TRPM4
channel is a Ca2+-activated channel weakly expressed at the ventricular level
while it seems to be a negative regulator of TRPC channel and could be also
re-expressed in ventricle during pathological CH. Our purpose was to deter-
mine whether TRPM4 channel could be involved in physiological CH and
what are the consequences on Ca2+ homeostasis.
Methods and Results: To induce physiological CH, mice were assigned to
sedentary or treadmill running (TR). Echocardiograms demonstrated that mice
displayed morpho-functional cardiac adaptations associated with an increase
of P-Akt/Akt protein ratio validating physiological CH in TR mice. TRPM4
channel mRNA was increased in the ventricle of trained mice, associated with
protein detection. Using the patch-clamp technique, we unmasked a Ca2+-acti-
vated non-selective cationic current, which shares the eletrophysiological
properties of those recorded for the TRPM4 channel. We use of a selective
TRPM4 inhibitor, 9-Phenanthrol, to blunt TRPM4 channel activity during the
excitation-contraction coupling (ECC) recording under Isoproterenol stimula-
tion, a β agonist. Treated cardiomyocytes displayed a diastolic [Ca2+] and
maximal Ca2+ amplitude decreased, underlying TRPM4 channel involvement
in ECC.
Conclusion: This study provides the first evidence of functional TRPM4
channel re-expression during physiological CH and its potential role in Ca2+
homeostasis.
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Background: Exercise training (ET) is a valuable method to improve exer-
cise tolerance in chronic heart failure (CHF) patients. Some studies reported a
similar improvement by quadricipital electrical myostimulation (EMS), but the
effect of combination of the two methods remains unknown.
Aim of the study: to evaluate if EMS have any additive effect on benefits
of ET in CHF patients.
Methods: 91 patients were included (mean age: 58 ± 9 yo; NYHA II/III:
52/48 %, LVEF: 29.7 ± 7 %) in a multicentric French study. The patients were
randomized into two groups: ET (41 pts) and ET + EMS (50 pts). All patients
underwent 20 ET sessions. In addition, in the ET+EMS group, patients under-
went 20 low frequency (10Hz) quadricipital EMS session (20« on/20« off, 1
hour/session).
All the patients performed a cardiopulmonary exercise test and a 6’walk
test at baseline and at the end of the program. Muscular circumference,
strength and biological assays (CPK, LDH, Aldolase, Myoglobin) were deter-
mined before and after the program.
Results: Data analysis revealed a significant improvement of exercise
capacity (15 %) for all patients without significant differences between the
two groups.
Muscular data are displayed in the table, but differences do not reach the
statistical significance.
Conclusion: EMS and voluntary muscular contraction have different
effects on structural and functional muscular adaptations (Table next page).
